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Abstract:ThenanoscaleshearbandoperationprocessofZr５５Pd１０Cu２０Ni５Al１０ metallicglass(MG)wasreinedinby
constantforceduringwellＧdesignedloadingＧholdingＧunloadingcyclicmicrocompressiontest．Throughthetest,itis
revealedthatthewholeshearbandingprocessinvolvesthreestages:shearbandinitiation,shearslidingandshear
bandarrest．Basedontheenergybalanceprinciple,thesizeＧaffectedspeedofshearslidingisinterpreted．Theenergy
originatedfromtheshearslidingleadstoheatＧupoftheshearplane;therefore,thetemperatureinshearbandincreaＧ
seswiththesizeofshearoffsetcausedbytheenergyaccumulationduringshearsliding．Takingtheglasstransition
temperatureasthecriticaltemperatureoffracturefortheZrＧbasedMG,thecriticalshearoffsetispredictedtobeapＧ
proximately１９０μm,fullyinlinewiththeexperimentalobservation．ThisdirectlyprovedthatthefractureoftheMG
iscausedbythetemperatureriseduringshearsliding．
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　　Metallicglasses(MGs)exhibitnumerousdesirＧ
ablemechanicalandphysicalproperties,suchasulＧ
traＧhighstrength,largeelasticlimit,excellentcorＧ
rosionresistance,extremelylow magneticlossand
soon,therefore,theyhavebeenattractinggreatinＧ
terestsfromscholarsintheresearchcommunity[１Ｇ３]．
However,theplasticdeformation of MGstakes
placeintheformoflocalizedshearband,andcataＧ
strophicfailureensuesimmediatelywiththecrack
initiatingfromtheshearbandsites,whichseverely
hinderstheapplicationof MGs[４]．Therefore,the
understandingoffailuremechanismiscrucialforimＧ
provingtheplasticityofMGs．Lotsofworkshave
beenperformedtostudytheshearbandofMGs[５Ｇ８]．
Generally,itisbelievedthattheshearbandnucleＧ
atesthroughactivationoffreevolumesorshear
transformationzones,accompaniedbylocalvolume
dilationandshearsoftening．Toapercolationpoint,
theembryonicshearbandpenetratesthroughthe
wholesampleinstantaneouslywiththespeedatthe
orderofsoundvelocityandformsthematureshear

band[９]．Alongtheshearplane,upperandlower
partsofthe MGsamplesslidewithgraduallyinＧ
creasingspeed[１０]．Theexternalappearanceofshear
bandislocalizedbandregionwiththicknessofabout
１０nmandlengthinthedimensionofthesample
size．Micrometerscaleshearoffsetgenerallyserves
asthemanifestationofshearbandandhasattracted
aplentyofinterests,partiallybecauseitisaneasily
quantifiableparameterformeasurement[１１]．Wuet
al[７]reportedthatthecriticalshearoffsetisthe
criticalconditionforthefailureofMGusingsmall
punchtests,andtheyinterpretedthecriticalshear
offsetmightbeattributedtothetemperatureriseinＧ
sidetheshearbands．Andtheyhavealsoproposed
thatthecriticalshearoffsetcouldbeusedtointerＧ
pretthe shear deformation abilities of MGs[１２]．
However,thephysical mechanism ofthecritical
shearoffsethasnotbeenclarifiedyet．
　　Duringshearbanding,thetemperatureinshear
bandwillincreaseduetotheenergydissipation[１３]．
UsinganingeniousfusibleＧcoatingmethod,LewanＧ



dowskiandGreer[５]foundthattherecanbeareＧ
markabletemperatureriseuptoafewthousandKelＧ
vininshearband．Differentfromthisresult,itisalＧ
sodemonstratedthatthetemperatureriseinshear
bandmaybeonlyafewdegreecentigradebasedon
theserrationincompressiontest[１４]．Andrecently,
itisrevealedthatthetemperatureriseinshearband
issizedependent[１５]．Althoughlotsofstudieshave
beenperformedabouttheheatinginshearband,diＧ
rectevidenceofthefailuremechanismisnotclear
yet．Inthisstudy,basedonthetemperatureincreasＧ
ingwithshearoffset,theauthorssuccessfullyreveal
thatthefailureofMGsisduetothetemperature
riseintheshearbandreachingtheglasstransition
point,wheretheshearbandlosesitsabilitytoreＧ
coverandsustainfurtherplasticflow．

１　Experimental
　　InordertofabricateMGwithfullyamorphous
structure,theZrＧbasedalloyingotswiththenomiＧ
nalchemicalcompositionofZr５５Pd１０Cu２０Ni５Al１０ were
preparedbyarcＧmeltinghighＧpurityraw metalsof
Zr,Pd,Cu,NiandAlatleastfivetimestoensure
fullyuniformmixture．Then,bulkMGrodswithdiＧ
ameterof５mmweresuctioncasted,andtheglassy
structureofthealloyswasconfirmedbyXＧraydifＧ
fraction (XRD)．Beforefocusedionbeam (FIB)
milling,theMGwaspolishedtoamirrorfinishwith
０２μmpolishingsuspensions．OnthesurfaceofpolＧ
ishedZrＧbasedMG,micropillarswithdiameterofabout
１μmandheightofabout２μm,shownintheinset
ofFig１,weremilledoututilizingFEIQuanta２００FIB
equipment[１６]．Afterwards,microcompression was
conductedbasedontheHysitronTM TI９５０nanoinＧ
dentationsystem,whichhasultraＧhighresolutions
(around１nmindisplacementandaroundlμNin
load),torevealthedetailsofthedeformationprocess．

Fig１　CyclicloadingＧholdingＧunloadingmicrocompression
programwiththeappearanceofonetypicalmicropillar

Differentfromtheconventionalmonotonousloading
program,amultipleloadingＧholdingＧunloadingproＧ
cedurewascarefullydesignedtoretardshearband
operationbytheholdingloadwithalittleenergyinＧ
putin２s,asshowninFig１．Theinitialforcewas
settostartfrom８０％ ofyieldingstrength(２GPa)
oftheZrＧbased MGandincreasewitha５％increＧ
mentinthesubsequent９holdingsegments．UtiliＧ
zingthiswellＧdesignedcyclicloadingprogram,sufＧ
ficientshearbandeventscanbedetectedineachmiＧ
cropillar,andplentyofdatacanbeobtainedforthe
subsequentanalysis．

２　ResultsandDiscussion
　　Atypicalshearbandeventduringtheholding
stageisshowninFig２．ItdisplaysthatadisplaceＧ
mentjump(orpopＧin)takesplaceabruptlyafterthe
nearlyflatcreepstageinthe depthＧtimecurve,
whichissignificantlydifferentfromtraditionalshear
bandoperatingprocessmanifestingasserrationsunＧ
dermonotoneincreasingload．Thisisbecausethe
shearbandingprocesshasbeenrestrainedbythe
constantloadwithlittleenergyinputintheholding
stage;therefore,thedetailsofshearbandeventcan
bereadilyrevealed．Itindicatesthattheshearband
operationprocessinvolvesthreestages:shearband
initiation,shearslidingandfinalshearbandarrest
(asshowninFig２)．Intheinitiationstage,the
depthoftheindenterstaysalmostconstantwithtiny
amountofincrease;nevertheless,theinternalatomＧ
icscaledamagesites(liquidlikecoresorflowunits)
aredriventoapercolationpointandformtheshear
bandembryo;meanwhile,theviscosityoftheMG
dropsfrominfinitetothevalueatanorderofglass
transitionpoint[１７]．Then,theembryonicshearband
losesitsstability,withreleasedenergysofteninga
planetosupercooledliquidstate,andformingthe
matureshearband[９]．Alongthematureshearplane,

Fig２　Typicalshearbandingeventoccurring
duringholdingstage
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